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(57) A method of solar cell external interconnection 
and a solar cell panel (1) made thereby are disclosed. 
An assembly (2) including a solar cell module (4), a flex- 
ible lead frame (5) to which the solar cell module is to 
be interconnected and a solder located between the so- 
lar cell module and the flexible lead frame, is provided. 
The solder is heated by directing a hot gas (42) into the 



area of the solder to melt the solder and form a soldered 
connection (6) between the solar cell module and the 
lead frame. The soldered assembly is attached to a 
module carrier panel (3) by embedding a portion of the 
assembly in a first, flexible adhesive (32) and another 
portion of the assembly in a second, thermally curable 
adhesive (33) which is then cured to anchor the assem- 
bly on the module carrier panel. 
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Description 
Technical Field 

[0001] The invention relates to a method of solar cell 
external interconnection and a solar cell panel made by 
the method. 

Background 

[0002] There is a need for an improved method to 
electrically interconnect ultra-thin glass solar cell arrays 
to a carrier panel for a spacecraft, for example, with little 
or no damage to the solar cells or the interconnections 
thereof with the carrier Present methods of ultra-thin 
glass solar cell array attachment and interconnection, 
including thermal compression and ultrasonic bonding, 
can damage the solar cell PN junction and also the glass 
because the high temperature and/or pressure bonding 
probe directly contacts the solar cell PN junction during 
the solar interconnection process. 
[0003] Another problem with present methods is that 
the RTV silicone adhesive used to attach the solar cells 
to the carrier takes hours to cure. This curing time pre- 
vents fast automated solar cell connection to the carrier. 
The adhesive also does not permit tight tolerance man- 
ufacturing processes. Even if the solar cell is held in 
place during the conventional bonding process to speed 
up the attachment of the solar cells to the carrier, the 
high temperature probe in thermal compression bond- 
ing damages the RTV silicone adhesive attachment be- 
cause the adhesive cannot withstand the temperature 
of the bonding probe. 

Summary 

[0004] The improved method of solar cell external in- 
terconnection and the solar cell panel made thereby ac- 
cording to the present invention avoid the aforemen- 
tioned problems. The bonding force in the disclosed em- 
bodiment of the method is reduced in comparison with 
the conventional methods while the heat for bonding is 
localized at the bond area(s) and is applied for only a 
very short time. More specifically, a method of a solar 
cell external interconnection according to the invention 
comprises providing an assembly including a solar cell 
module, aflexible lead frame to which the solar cell mod- 
ule is to be interconnected and a solder located between 
the solar cell module and the flexible lead frame. 
[0005] The solder is heated by directing a hot gas into 
the area of the solder to melt the solder and form a sol- 
dered connection between the solar cell module and the 
lead frame. In the disclosed embodiments, the solder is 
provided at a plurality of discrete sites between the solar 
cell module and the flexible lead frame and a plurality of 
soldered connections are formed at the same time dur- 
ing the heating. 

[0006] The soldered assembly is then attached to a 



module carrier panel by applying a first, flexible adhe- 
sive and a second, thermally curable adhesive to re- 
spective areas of the module carrier panel. The soldered 
assembly is placed on the adhesives on the module car- 

5 rier panel to embed a portion of the assembly in the flex- 
ible adhesive and another portion of the assembly in the 
thermally curable adhesive. The assembly and module 
earner panel are heated to cure the thermally curable 
adhesive to anchor the assembly on the modular carrier 

io panel. 

[0007] A solar cell panel according to the invention 
comprises an assembly of at least one solar cell module 
and a flexible lead frame connected to the solar cell 
module by at least one soldered connection. A module 

15 carrier panel is attached to the assembly in respective 
areas by a first, flexible adhesive in which a portion of 
the assembly is embedded and a second, thermally 
cured adhesive anchoring the assembly on the module 
carrier. In one form of the invention, a plurality of the 

20 assemblies are attached to the module carrier panel 
with the lead frames of at least two adjacent assemblies 
being connected to one another by a pin connection. In 
another form of the invention, a plurality of solar cell 
modules are each connected with the flexible lead frame 

25 by at least one soldered connection and, in turn, at- 
tached to the module carrier panel without pin connec- 
tion. The solar cell modules can be connected in series 
or parallel in the solar cell panels, with or without pin 
connection. 

30 [0008] These and other objects, features and advan- 
tages of the present invention will become more appar- 
ent from the following detailed description of several em- 
bodiments of the invention taken with the accompanying 
drawings. 

35 

Brief Description of Drawings 
[0009] 

40 Fig. 1 is a cross section of a solar cell module to be 
externally interconnected in accordance with the 
present Invention. 

Fig. 2 is a cross section of a flexible lead frame hav- 
ing solder on selected portions thereof for bonding 

45 to the solar cell module of Fig. 1 . 

Fig. 3 is a perspective view from the side of a con- 
nection pin for interconnecting adjacent assemblies 
of solar cell modules and lead frames of the inven- 
tion to one another on a module carrier panel of the 

so invention. 

Fig. 4 is a cross section of a module carrier panei 
of the invention, a first, embedding adhesive and a 
second, anchoring adhesive having been applied in 
respective areas of one surface of the carrier panel. 

55 Fig. 5 is a cross section of a soldered assembly of 
the invention formed by the solar cell module of Fig. 
1 and the flexible lead frame of Fig. 2. 
Fig. 6 is a cross section of a portion of a solar cell- 
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panel according to the invention having aserial con- 
nection wherein two adjacent assemblies as in Fig. 
5 are attached to the module carrier of Fig. 4 and 
interconnected by a pin connection using the con- 
nection pin of Fig. 3. s 
Fig. 7 is a schematic illustration of an apparatus for 
delivering hot gas locally to a plurality of bonding 
sites for soldering the lead frame and solar cell mod- 
ule of Figs. 1 and 2 according to the invention. 
Fig. 8 is a schematic drawing of a solder preform 
placing apparatus to inject a solder preform on the 
lead frame of Fig. 2. 

Fig. 9 is a schematic drawing of an arrangement for 
using wire solder and an electrical flame-off tech- 
nique to apply a solder ball to the flexible lead frame 
of Fig. 2. 

Fig. 1 0 is a cross section of a portion of a solar cell 
panel according to the invention having a parallel 
connection wherein two adjacent assemblies ac- 
cording to the invention are attached to a module 
carrier and interconnected by a pin connection. 
Fig. 1 1 is a cross section of a portion of another solar 
cell panel according to the invention having a con- 
tinuous serial connection without pin connection be- 
tween adjacent solar cell modules. 
Fig. 12 is a cross section of a portion of a further 
solar cell panel of the invention having a parallel 
connection without pin connection between adja- 
cent solar cell modules. 

Fig. 13 is a schematic flow diagram of the steps of 
the method according to an embodiment of the in- 
vention and the apparatus utilized therein for mak- 
ing a solar cell panel according to the invention. 

Detailed Description 

[0010] Referring now to the drawings, a solar cell pan- 
el 1 according to the invention is shown in Figure 6. The 
solar cell panel 1 comprises a plurality of assemblies 2 
as shown in Fig. 5, attached to a module carrier panel 
3, illustrated in Figs. 4 and 6. Each assembly 2 of the 
solar cell panel 1 comprises a solar cell module 4, Figs. 
1 , 5 and 6, and a flexible lead frame 5 connected to the 
solar cell module 4 by a plurality of discrete soldered 
connections 6, see Figs. 5 and 6. 
[0011] The solar cell modules 4 in the disclosed em- 
bodiment are amorphous silicon, III - V, II- VI, or any 
other suitable material solar cell structure grown on thin 
glass. The solar structures are conventional and not fur- 
ther described herein. The solar cell module 4 in the il- 
lustrated embodiment has dimensions of about 6" x 12" 
x 3 mils. The dimensions of the module can be varied, 
but are preferably within the range from 3 M x 3" to 24" x 
48" with thicknesses ranging from 3 mils to 250 mils. 
The larger module requires a greater thickness for re- 
sistance to process handling problems. 
[0012] The flexible lead frame 5 is formed of a con- 
ductive metal. Examples of suitable materials are cop- 



per, copper alloy, copper-Invar (iron-nickel (36%) - cop- 
per (copper-clad- Invar) or copper-molybdenum-copper 
(copper-clad molybdenum) or aluminum, aluminum al- 
loy or other applicable metal of low electrical expansion 
and high electrical conductivity, such as silver-clad com- 
posites, etc. The thickness of the metal lead frame 5 is 
from 1 mil to 25 mils. The strip line width and length in 
the lead frame depend on the solar cell dimensions, for 
example, with a 5/8" solar cell width, the strip line width 
is 125 mils to 250 mils or larger. The strip line length 
depends on the length of the solar cell and how many 
solar modules are connected to form a solar cell panel. 
For example, fabricating a 1 4" x 36" solarsub-panel with 
six solar cell modules measuring 6" x 12" x 3 mils re- 
quires the length of the strip lines to be long enough to 
cover the length of the sub-panel. 
[001 3] The soldered connections 6 between the solar 
cell module 4 and the lead frame 5 are formed by first 
applying solder locally at a plurality of discrete sites and 
then placing the solar cell module 4 on the lead frame 
5 and heating the solder by directing hot gas into the 
area of each site to melt the solder and form the soldered 
connections 6 shown in Fig. 5. The solder can be applied 
to the lead frame 5 in the form of a solder preform 7 or 
a solder ball or bump 8 as shown in Fig. 2. In the dis- 
closed example, the soldered connections 6 are made 
at respective bonding pads 9 located on contact metal 
10 over solar active layer 11 and glass substrate 12 of 
the module 4 as illustrated in Fig. 1 . The solar cell mod- 
ule may be fabricated without bonding pads, in which 
case the soldered connections are made directly on the 
contact metal 10. 

[0014] The solder for forming the soldered connec- 
tions 6 between the lead frames and solar cell modules 
is preferably 80 gold-20 tin alloy having a liquidous tem- 
perature T, iq of 280° C. Alternatively, the solder could be 
99 tin - 1 copper alloy having a liquidous temperature 
T„ q of 255°C or tin-2-3.5 silver with a T„ q = 230-221 °C 
or other applicable solder. A eutectic solder composition 
is preferred for minimizing the liquidous temperature. In 
the case the solder is applied in the form of a solder 
preform 7, the annular preforms 7 have a diameter from 
75 mils to 125 mils depending on the strip line width of 
the associated lead frame. The thickness of the solder 
preform is from 2 to 1 0 mils. 

[0015] The solder preforms 7 are placed on the lead 
frame 5 using the auto shot apparatus 13 shown sche- 
matically in Figure 8. The reservoir 14 of the apparatus 
13 is filled with the precut preforms 7. A preform is in- 
jected into a designated place on lead frame 5 from the 
apparatus 1 3 automatically by computer control. To this 
end, first, a nitrogen nozzle 16 blows for 1 millisecond 
or so until one preform 7 goes into recess 15 of the res- 
ervoir. This preform is detected by photosensor 17. A 
shutter A of the apparatus is opened and one preform 
is dropped to standby position. The preform injection 
head of apparatus 13 is moved to the designation posi- 
tion over the lead frame 5 by computer control according 
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to conventional processes for positioning. The shutter 
B is then opened at the same time nitrogen nozzle 1 8 is 
opened to increase the pressure slightly in the standby 
chamber 19 which then drops the preform from the 
standby position to the desired place on the underlying 
lead frame. Finally, the empty standby position is detect- 
ed by a photosensor 20 and the cycle is started again. 
[0016] The solder can also be placed on the lead 
frame 5 in the form of a solder bump or ball 8 using a 
wire solder 21 and an electrical flame-off technique as 
illustrated schematically in Fig. 9. In this process, a drag 
22 and a solder wire clamp 23 acting on the wire solder 
21 from solder wire spool 24 are opened. A kicker 25 
kicks the wire down and the clamp 23 closes. The solder 
dispensing head in Fig. 9 descends until the tip of the 
wire is above the lead frame, to about 200 mils, at the 
designated position over the lead frame 5. 
[001 7] A flame-off wand 26 is then kicked in under the 
solder wire but not touching the wire. A high voltage from 
a power supply 41 is applied to the flame-off wand and 
an electrical spark is thereby generated which melts the 
solder wire 21 and forms the solder ball 8. Immediately, 
within a millisecond, the high voltage supply 41 is turned 
off and at the same time the dispensing head of the ap- 
paratus goes down further, toward the lead frame, until 
the solder ball hits the lead frame and bonds to the lead 
frame. The clamp 23 is still in its closed position. The 
dispensing head is pulled up and breaks the solder wire 
at the ball neck leaving a solder bump or ball 8 on the 
lead frame 5. The cycle is started repeatedly until all 
bonding positions have solder bumps. Multiple heads 
can be arranged in the 90° direction with the frame mov- 
ing direction so that one row of dots/preforms can be 
placed at one time. 

[0018] An arrangement 27 for heating the solder by 
directing hot gas locally into each of the plurality of dis- 
crete sites to be soldered to melt the solder and form a 
plurality of soldered connections between the solar cell 
module and the lead frame can be seen in Fig. 7. The 
arrangement 27 includes a hot work holder 28 which is 
heated to a temperature of 1 00-200°C depending on the 
solder liquidous temperature. The lead frame 5 with sol- 
der thereon is placed on the work holder 28. A vacuum 
from a vacuum source 29 is connected to a vacuum hole 
40 in the work holder for holding the lead frame in place. 
[0019] The solar cell module 4 is transferred and 
aligned on the lead frame. The module 4 is also vacu- 
umed down slightly on the lead frame by a vacuum hole 
connected to the vacuum source 29. At the same time, 
hot gas 42 is blown from a gas supply 43 by a blower 
44 through passages and heater elements in hot work 
holder 28 so that the hot gas will be injected locally on 
the bonding areas on the lead frame side of the assem- 
bly 2. The hot gas melts the solder in a relatively short 
period of time, in approximately 3 to 10 seconds. The 
liquid solder diffuses on the lead. frame and module 
bonding pad (or contact metal). Upon completion of the 
hot gas solder bonding process, the assembly 2 of the 



module 4 and flexible lead frame 5 is removed from the 
arrangement 27 to a cool plate and transferred to a po- 
sition for adhesive bonding to the module carrier panel 

3. 

5 [0020] The hot gas in the disclosed embodiment is 
preferably nitrogen or nitrogen with 10-20% hydrogen. 
The temperature of the hot work holder 28 is preferably 
set at a temperature below the solid temperature of the 
solder, approximately 1 0-20% lower. The gas tempera- 
ture in the area of the solder is set above the liquidous 
temperature of the solder, approximately 50-60% high- 
er. The work holder 28 has two sets of grooves on its 
surface for a vacuum: one long strip groove for holding 
down the lead frame and another, spiral pattern groove 
for vacuuming down the solar module 4 against the lead 
frame during soldering. Each of the grooves communi- 
cates by way of a respective vacuum hole in the work 
holder to the vacuum source 29. 
[0021] Each of a plurality of the soldered assemblies 

2 is attached and anchored to the module carrier panel 

3 using flexible adhesive for the entire celt array thereof 
except where anchors are attached, and thermal adhe- 
sive is used only where the anchors attach. This is illus- 
trated in Fig. 4, wherein the module carrier panel 3 is 
coated in areas 32 with embedding adhesive and areas 
33 with anchoring adhesive. An example of an embed- 
ding adhesive useful in the method of the invention is 
RTV (silicone) adhesive. An example of the anchoring 
adhesive, a thermally curable adhesive, useful in the 
process is Epo-TekT6116, anepoxy adhesive or similar 
thermal adhesive. The module carrier panel 3 is formed 
of Duroid (Teflon filled ceramic) board in the disclosed 
embodiment. However, other suitable materials can be 
used. 

[0022] The lead frames 5 of individual assemblies 2 
according to one form of the invention are connected to 
one another on the module carrier 3 by a pin connection 
process. This is accomplished by placing two ends 44 
of adjacent lead frames in overlapping relation. Holes 
45 are punched in the ends 44 of the lead frames at the 
time of forming the lead frame by a stamped cut process. 
The holes 45 are aligned when the assemblies are 
placed on the module, carrier panel 3. The alignment 
process is performed automatically with control by an 
optical sensor and reference alignment marks. A light 
source is launched into the alignment marks. An X-Y 
motor is activated for alignment. When the two holes are 
aligned, the light beam will get through the lead frame 
material and its reflection intensity is reduced. This re- 
duction is detected by a photosensor. Then, a miniature 
copper (or equivalent material) connection pin 34, see 
Fig. 3, is inserted (snapped) into the hole. Finally, a dot 
of thermal epoxy, such as ME-7155 or silicone adhesive 
such as RTV-1 642, is injected on top of the pin to secure 
the pin in place, other suitable non-electrical conductive 
epoxy or adhesive may be used. This thermal epoxy will 
be cured at the epoxy curing process for anchoring the 
assemblies to the module carrier panel 3. 
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[0023] Solar cell panels 1 and 1 1 with pin connections 
are shown in Figs. 6 and 9 for a serial connection and 
a parallel connection, respectively. Panels V'and V" 
with continuous serial connection without pin connec- 
tions and with parallel connection without pin connec- 
tion, according to the invention, are illustrated in Figs. 
1 0 and 11 , respectively. The process for making the so- 
lar cell panels without pin connections is the same as 
with pin connections except instead of forming lead 
frames for individual solar modules 4, a lead frame is 
cut so as to be continuous for accommodating multiple 
solar modules and otherwise processed as above. 
[0024] The solar cell panels and method of making the 
same according to the invention advantageously lend 
themselves to an automatic, high throughput, mass-pro- 
duction method of bonding down solar modules and in- 
terconnecting them into panels/wings. To this end, as 
shown in Fig. 1 3, a continuous strip of flexible lead frame 
can be pulled from metal film lead frame spool 35 to a 
hot gas bonding work station 36 where the lead frame 
is vacuumed down and cut and stamped using a cut and 
stamp tool 37. Solder is applied on bonding pads of the 
lead frame using one of both of the apparatus of Figs. 
8 and 9. 

[0025] Solar cell modules 4 are picked from cell mod- 
ule cassette 38 and placed on the lead frame using a 
robot arm and optical sensor. The solar modules are 
vacuumed down against the lead frame so that a rela- 
tively low pressure, less than atmospheric pressure, is 
applied on the assembly during bonding. Hot gas is then 
injected into the areas of the solder for a relatively short 
period of time, approximately 3-1 0 seconds, to perform 
soldering as discussed previously. Flexible adhesive 32 
and thermal adhesive 33 are injected on respective ar- 
eas of the module carrier panel 3. The soldered modules 
are picked up from the bonding station and placed on 
the module carrier panel and a pressure is applied on 
them using a robot arm and optical alignment sensor. 
The panels are transferred to vacuum bake furnace 39 
for curing. The solar cell panels are then unloaded from 
the furnace 39 to a pallette cassette 40 for further 
processing steps. 

[0026] The fully automatic surface mount assembly 
capability and large volume production of the method of 
the invention result in low cost. Thousands of bonds can 
be performed within five minutes, for example, as com- 
pared with one minute for one bond of the present tech- 
nology. A high yield is also attained as the human factor 
in the assembly line is reduced with the method of the 
invention. 

[0027] While we have shown and described only sev- 
eral embodiments of the present invention herein, it will 
be readily understood by the skilled artisan that varia- 
tions of the solar cell panel and also the method of solar 
.cell external interconnection are possible without de- 
parting from the scope of our invention. Therefore, we 
do not wish to be limited to the details shown and de- 
scribed herein but intend to cover all such changes and 



modifications as are encompassed by the scope of the 
appended claims. 



5 Claims 

1 . A method of solar cell external interconnection com- 
prising: 

10 providing an assembly including a solar cell 

module, aflexible lead frame to which said solar 
cell module is to be interconnected and a solder 
located between said solar cell module and 
said flexible lead frame, and 
'5 heating said solder by directing a hot gas into 

the area of said solder to melt said solder and 
form a soldered connection between said solar 
cell module and said lead frame. 

20 2. The method according to claim 1 , wherein said sol- 
der is provided at a plurality of discrete sites be- 
tween said solar cell module and said lead frame 
and a plurality of soldered connections are formed 
between said solar cell module and said lead frame 
25 during said heating, and/or wherein said hot gas is 
simultaneously directed locally into each of said plu- 
rality of discrete sites to melt said solder and form 
said plurality of soldered connections. 

30 3. The method according to claim 1 or 2, wherein said 
providing includes placing a preform of said solder 
on said lead frame to which said solar cell module 
is to be interconnected. 

35 4. The method according to claim 1 or 2, wherein said 
providing includes using a wire solder and an elec- 
trical flame-off technique to bond a solder bump to 
said lead frame to which said solar cell module is to 
be interconnected. 

40 

5. The method according to claim 1 , wherein said as- 
sembly includes a plurality of solar cell modules with 
solder provided between respective ones of said 
modules and said lead frame and wherein soldered 

45 connections are formed between said modules and 
said lead frame during said heating. 

6. The method according to claim 1 , including applying 
a relatively low bonding force to said assembly dur- 

50 ing said heating by applying a vacuum to at least 
one of said solar cell module and said lead frame. 

7. The method according to claim 1 , further compris- 
ing attaching said soldered assembly to a module 

55 carrier panel, and wherein said attaching includes 
anchoring said soldered assembly to said module 
carrier panel by way of a thermally curable adhe- 
sive. 
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8. The method according to claim 7, wherein said at- 
taching includes applying a first, flexible adhesive 
and a second, thermally curable adhesive to re- 
spective areas of said 

module carrier panel, placing said soldered 5 
assembly on said adhesives on said module carrier 
panel to embed a portion of said assembly in said 
flexible adhesive and a soldered connection of said 
assembly in said thermally curable adhesive, and 
heating said assembly and said module carrier pan- 10 
el to cure said thermally curable adhesive to anchor 
said assembly on said module carrier panel. 

9. The method according to claim 7, including attach- 
ing a plurality of said soldered assemblies to said 15 
module carrier panel and interconnecting the lead 
frames of at least two adjacent assemblies to one 
another, and wherein said interconnecting said lead 
frames of said soldered assemblies to one another 
includes overlapping ends of the lead frames of said 20 
two adjacent assemblies so that holes formed in 
each of said two overlapped ends are aligned, and 
inserting a pin into said aligned holes in said over- 
lapped ends of said lead frames to form a pin con- 
nection therebetween. 25 

1 0. The method according to claim 9 further comprising 
anchoring said pin connection to said module car- 
rier panel using a thermally curable adhesive, 

30 
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